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Wind-Twlnsl and Teeting Tecbniqtm 

The spin data presented were determined and converted from 
mo@l, vdueer to ooeresponding fU"8cale  values by methode described 
in reference 2. Sptn-tunnel t e s t s  are ma& t o  determine the spin 
and, r e c w e r y  c l m x t e r i s t i c s  of the mbdel for the normal-epinnlng 
control configmatLon (elevator f u l l  up, ailerons neutral, md 
ru8&er full with the win) ,ad at var iow other afleron4levator 
control cmbinatfons including zero anb maximum bflect lom. 
Recovery it3 generally attempted by rapid full rudder revereal. 
Teete are d e 0  perfomd to eYdUaee the possible adverse effects 
on recovery of flzlzau devlatians from the norme3. aontrol configura- 
tion f o r  spinning. For these teets, the ailerons are set at one- 
third of the full deflection In the dfrection  conducive to slower 
recoveries (agalnet the spin f o r  the XP-88 model), and the elevator 
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The testing bechnique for  dgtedning the minimum rrizg of, 
and the towline lengbh for, spln-recovery parachutes is deeoribed 
in detail in reference 3.  For the t a i l  parachute teste, the 
paraohute pack and towline were attached t o  the mob1 below the 
horizontal t a i l  near the rear of the fuselage and on the bboa-rb ' 

side, Wing-tip parachutes -re attadled t o  the outer wing t i p .  
When the pazachute waa attached t o  the wing tlp, the taw.1i.V length 
waq BO adjuetea tlpt $he parachute would just cle& %lie' horieohkal 
ta i l ,  Tn 'sve'rf casq, t@ ,'f o h &  .parachute m e  pBced & the 
fuselage or wing 'in: euch a pos i t  Pan that it &Id no'c 8 8 r i o W y  
inflwnce the eteadg spin before- the parachute wag opened. For 
a full-ecale-wing parachute installatian, i f  practicable, it l a  
advisable that the parachute be packed- wit- the wing.  Ful1-mxJ.e 
parachute lnste3lationS should be provided with positive means of 
ejection, For the ourrent  testa, 'the mrdder wa8 held w i t h  the s p i n  
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The m o d e l  t e s t  results presented me belfsvsd to be true values 
&ven by the model w i t h i n  the following ltmite: . 
a , a e g r e e . .  * + 3  
9, t tegme. . . . . .  :-:. . . . . . . . . . . . . . . . . . . . . .  "9. 
V, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .45  
n, percent . . . . . . . . . .  :.. . . . . . . . . . . . . . . . . . . . .  42 

. ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Tests .were performed f o r  the moddl omdftions listed tn 
table 11, The mas0 ohar&eri&ica and inertia paramstere for 
losings possible on the airplane and for the loadings. of the model 
during tests are Shawn in table  ffI. The inertia parametera f o r  
the loadings posslble on the XP-88 airplane and for the loadings 
tea ted  on the llkbdel are also. sham l a  figure 6. A8 discussed in ' 
reference 5 ,  figure 6 Can be ueed in predicting the relative effec- 
tiveness of the oontrols on the recovery oharacterietics of the 
model # 
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The maximum control deflections used i n  the teets were: 

Normal Loading 

Ereot m3na.- The k m l t e  of ereot'  spin teste of the model In 
the normal loading (loading p o w  31. in table IlI and fig, 6) axe 
sham in chart 1 Far the norm& control oonfiguration f o r  
spinning, the model spins were moderately deep and oscillatory 
and reaoveries by rudder revered were rapid, Elevator setting 
was found t o  have little ef'f'eot. m n  the allerom were set with 
the spin, the spins beoaspe very steep and mccmrfea were rapid. 
When the ailerons were set fully against the spin, the model spins 
were wand.erlng end oscillatory in roll and yaw, and the model 
attitude became slightly flatter, but it became difficult or 
impassible to  obtain recoverlee. The cr i ter ion epin (ailerom 
&o against the spin, elevator two-thirb up) was somewhat 3 
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P f i O b E S C a m  Test8 

During the  t e a t s  performed to determine f r a n  which side of 
the spinning airplane the pi lot  should atlkmpt an emergency eecape 
it was observed that the model pilot went under the leading edge of 
the outboard wing a n d  cleared the tail of the airplane when releamd 
from the outboard side of' either f la t  or steep wins. When released 
from the inboasd side, the model p i lot  went over the fuselage and 
follmed approximately tEie same path aa when released from the 
outboard eide. These  results indicate that the p i l o t  should 3 m p  
from the outboard s i b  if St is necessary t o  abandon 
in  s spin, as he w i l l  travel m r  a shorter path and 
chance of striking any part of the atrylane. 

Landing Condition 

The landing condition was not tested on thls mcrdel inagmuch 
as current Army specificatTom require t h i s  t n e  of airplane t o  
demonstrate eatisfactory recoveries 5n the lanaing condition from 
only 1-turn qim. A t  the end of 1 t m ,  the & - l a n e ,  w i l l  probably 
still  be h an incipient spin from which recoveries are more readily 
obtained than fram fully developed spins. 



The di~tcussion of the results so far has been baaed on control .: 
effectiveness alone without regard to the forces require&.to maire ': 

the uon t roh ;  A 8  previouslg merrbioned, for all teats  sufficient ... 
force Wag applied to the controls to move t h e m  fully &'rapidly; ' . 
Sufficient force m w t  be rzpplfed to the  airplane controls t o  move 
themi 2n &L .sSmflar:.liuslsnar . i n  order for the model and -airpletne . 
result B to be comparable. . -  . .  

A few tes ts  were performed with  the madel in tb .normal  Ladisle - 
. 

in which the forces applled to the rudder in order to  effect a 
satisfactory recovery were measured. The results indicatedlChat 
the full-soale pedal force would be within the capabilities of the 
pilot. The pedal force w m  fqmnd to be approximately 160 pounds 
f m  the model. t e a t s .  Because of lack of detail in the rudrter 
balance.of' the model, of inertia. mass-balance effects,  ' a n d  .of 
scale.effect, these results are only qualitative indicationa of 
the achd. fomee that may be 8xperienOed. These t e s t s  were made 
with the original mrltder on the model. It is  believed that with 
the rudder extension planned by the McDonnell A i r c r a f t  Corgoration 
or the other modificatlone  teated t b  forces w i l l  be higher but 
not beyond the capabilities of the pi lo t .  

Far erect spine,- the rudder should be revereeil briskly from 
full  with the spin to full awinst the sp1n.followed one-half turn 
later by movement of thi stick forward maintaining It laterally neutral 
(normal recovery technique);care rshould be exercflsed tu  avoid 
excessive rates of acceleration in the recovery dive, If an aoci- 
dental epin is entered  with the t r a i l i w d g e  flaps extended, the 
flaps should be retracted and recovery attempted lnmdiately. For 
the condition with tanke off, particular care should be exercised 
t o  avoid a i l e m g a b s t  settings e$ther durlng the spin or recoveryI 

" . 
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3. Satisfactory recaveries can be obtained for all aileron 
settings  with  the leding-edge flaps deflected. 

4. Recoveries f r o m  immrted spins w i l l  be satisfactory and' 
should be attempted by rapid full rudder reversal an3 s t ick 
neutralization. 

5. In the long-range loadlng both a flat and a steep sp in  may 
be encountered: f'rom the ateap spin rapid rocovertea dl1 be obtainsit 
but from the flat type recoveries may be poor. If the airplane 
appears to 'be entering the flat spin, recovery ehould be attempted 
immediately and if recovery l a  nut inozllnent, tha tanka ahodd be 
jettisoned and the recovery attempt mpeated. 

6 .  A 12.&coot-diamater t a i l  parachute wlth a tarline of 40 feet 
or  a &.Sf oot-bianreter paylachub with a 16.&foot towline opened on 
the outer w i n g  t i p  w i l l  be rsatfafactory for emergency recoveries 
from apine. Them efzee are barsed on a drag coeff icient of' 0.66 
for the laid-out-flat surface area. 

7. If necessary t o  abandon the airplane in a s p k ,  the pilot 
should leave f r o m t h e  outboard s i d e .  
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Length ove+all, ft . . . . . . . . . . . . . . . . . . . . .  34.25 
normal oente&-gravitg location, percent 6 . . . . . . . .  19.6 
Wing: 

S p a n , f t . . . . . . * . . . . . . . . . .  
A r e a ,  sq ft . . . . . . . . . . . . . . .  
Sweepback at 0/4, deg . . . . . . . . .  -. 
Incidence, deg . . . . . . . . . . . . . .  
Section . . . . . . . . . . . . . . . . .  
Aspect ratlo . . . . . . . . . . . . . . .  
Mean aes-a chord, in. . . . . . . .  
Leading edge of Z rearward of le- e@ 

chord,in.  . . . . . . . . . . . . . .  

D i h e d r d , d e 8  . . . . . . . . . . . . . .  

. . . . . . . .  39.67 . . . . . . . .  3% . . . . . . . .  35 . . . . . . . .  I . . . . . . . .  0 . . . . .  ETACA 65-009 . . . . . . . .  4.90 

. . . . . . . .  82.0 
. . a 117.2 

of rook 

Aflerons : 
Area ,sqf t  . . . . . . . . . . . . . . . . . . . . . . .  18.4 
Span, percent b/2 . . . . . . . . . . . . . . . . . . . .  37.8 
Hinge-line location,  percent wing chord . . . . . . . . .  73 

Horizontal t a i l  surfaces : 
Totalarea, e q f t  . . . . . . . . . . . . . . . . . . . . .  66.8 
S ~ 1 1 1 . , f t * . o . . a . . . . . . .  . . . . . . . . . . . .  15.3 
Elevator area aft of hinge l-, B q  ft . . . . . . . . . .  15.6 

hinge 1- at ~ u ~ l e w  center line, ft . . . . . . . .  26.6 Distance from normal center of gnwtty t o  elevator 

Incidence, deg . . . . . . . . . . . . . . . . . . . . . .  0 

Vertical t a i l  surfaces: 
Total area,ssp ft . . . . . . . . . . . . . . . . . . . . .  46.6 
Tota l  ruddez area aft of hinge llne, aq ft . . . . . . . .  10.7 
D i a t w e  from normal center of gravity to rudder hinge 

Tail-hnpizq power factor.  . . . . . . . . . . . . .  1079 X 1 2 L l  
line at water line 70, f% . . . . . . . . . . . . . . .  
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%nderlng and o s a l l l a t o v  win. 
bReoarery attewted  before model reeahed i l n a l  steeper 

oRsOOTerJ attempted by reversing rudder rmn ; a d e l  va lues  
s t t i tude .  

full ufth t o  2 0  agnfnnt the upin. . t c n v e r t e d  ~3 
ccrrespmdrca 

L: Inner wing up 
fu i l - sca le  values. 

C i m e r  u l n g  down 
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%eoovery attempted berare model reaohrd 

bVlrnal obaerretlon. 
rlnal rteeper  attitude. 

Kodel values 
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Chart 4 

OMT 4.- a p m  MID RECOVERP ~ T E R I S T I C S  OF TEE +ALS MODEL OF nu W~DOHEELL 
XP-bb AIRPLANE IR THE L O N G W E  LOUDINQ (YIIIO-TIP mEL TWKS IHSTILLED) 

Gadlng  point  2 oa table 111 and figure 6; f h p r  neutral; ooaLglt olosed; reoorem attempted 
by rapid full rudder nrerra l  exoept an noted (rsoorery 8ttempted from, m d  rteaby-apln 
data  preaented forr rudder-with mglns); right areot 6phJ 

Tu0 types or ap ln  

I I I 

Two type# of  a p l n  
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(a} Normal loading. 

(b) Long-range loading. 

Figure2.- The x- ' scale model of the McDonnell XP-88 airplane in the 
normal (tip tanks off) and long-range (tip tanks on) loadings. . 

, . . 
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FIGURE 3.-RUDDER EXTENSIONS AND VENTRAL FINS TESTED ON THE $4-sCAL 

OF THE M~DONNELL XP-88 AIRPLANE, DIMENSIONS ARE FULL SCALE, 
, 

U T E  NSION 
EXTENSION 

EXTENSION 
EXTENSION 

.E MODEL 

NO. 1 
No. 2 

m. 3 
NO. 4 



. .. 
w 

. 
L 

NACA RM No. LW21 Fig. 4 

13% CHORD LINE 

DEFLECTED POStTION 
- - " 

NATIONAL ADVfSORY 

COMMITTEE FOR AERONAUTICS 

FIGURE 4,- LEADING-EDGE FLAP POSITIONS TESTED 
ON THE$~-SCALE MODELOF THE A ~ D ~ N N E L L  
x " P-88. AIRPLANE, SECTION SHOWN IS INBOARD 
END OF FLAP, DIMhJSIONS ARE FULL SCALE 



Fig. 5 
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figure 5. - Photograph of the 24- scale model of the McDonnell XP-88 1 

airplane spinning in the Langley 20-foot free-spinning tunnel. 
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